Aim: A dissociation can be made between confabulations that are produced when the subject is directly questioned (i.e., provoked confabulations) and context-free, unprovoked confabulations (i.e., spontaneous confabulations). Unlike provoked confabulations, there is a paucity of research on spontaneous confabulations in Alzheimer's disease (AD). Our paper assessed this issue by assessing both types of confabulation in participants with mild to moderate AD and controls.
A LTHOUGH DIFFERENT DEFINITIONS have been proposed for confabulations, a consensus is that these manifestations refer to the production of statements or actions that are unintentionally incongruous with respect to the subject's history, background, and present situation. [1] [2] [3] [4] Clinical observations and empirical research fit with this definition as confabulations tend to depict memories displaced in time or claims that lack any basis in reality. 1 Also, patients tend to act upon their confabulations, reflecting unawareness of the confabulations (i.e., anosognosia). 5 Another characteristic of confabulations is that they usually appear when autobiographical recollection is required. However, cases of spontaneous confabulations, or those unprovoked and often implausible memories, can also be observed. Reflecting this assumption, a distinction between provoked and spontaneous confabulations has been widely acknowledged in the literature. For instance, Bleuler 6 distinguished between confabulations that are produced when the subject is directly questioned and confabulations that are context-free and unprovoked. In a similar vein, Kopelman 3 distinguished between confabulations provoked by direct questioning or in a test situation, and those unprovoked, often implausible, confabulations. For instance, a patient's spontaneous request to interrupt a therapeutic session to go to work can be considered as a spontaneous confabulation, considering that the patient is retired and has no professional activity, whereas the same patient's retrieval of unintentionally inappropriate memories on an autobiographical assessment can be considered as a provoked confabulation. From this example, one can see that spontaneous confabulations reflect a profound derangement of thought in which the patients' ongoing reality is dominated by their past experiences and habits (for a similar view, see Schnider 7 ). Mirroring this assumption, empirical research shows that, even though spontaneous confabulations often appear to be bizarre, these manifestations usually draw from a repository of true memories. 4 Considering Alzheimer's disease (AD), confabulations have been highlighted by a body of studies. In a study on this issue, AD and control participants were asked to remember previously processed stories, and confabulations were defined as novel intrusions, that is, elements that were not included in the original story. 8 Findings showed more confabulations in AD than in control participants. Another evaluation of confabulations in AD is the Confabulatory Interview, 9 consisting of questions tapping general personal knowledge (e.g., date and place of birth), specific personal memories (i.e., specific events located in time and space), knowledge of famous facts and famous people, and personal future plans. In this interview, answers are considered as confabulations if they are inconsistent with information concerning the participants' past and present situation, and probable future plans (information collected from informants). Using this interview, Dalla Barba et al. 10 found more confabulations in AD participants for specific personal memories than for general personal knowledge or future plans. Using the same procedures, several empirical studies have reported similar results in AD. [11] [12] [13] [14] [15] [16] Confabulations in AD were also reported by a study using a provoked confabulation test consisting of five picture cards, each depicting a different stimulus (e.g., bus). 17 Participants were required to construct a short story based on each stimulus, and after a 3-min delay, they were asked to recall the story that they had constructed. Confabulations were evaluated by the number of elements that were not included in the original story. Mirroring the literature, results showed more confabulations in AD than in control participants. Similar findings were observed in a study in which AD and control participants processed unknown stories, well-known fairy tales (e.g., Snow White), and modified well-known fairy tales. 18 On a later test, participants were asked to retrieve the stories and confabulations were evaluated by the production of elements that deviated from the early-processed stories. Findings showed more confabulations in AD participants than in controls, especially for the modified well-known fairy tales. Interestingly, confabulations in the modified fairy tales consisted of elements of the original version of the stories. According to the authors, 18 confabulations in episodic memory result from the replacement of poorly encoded information (i.e., the modified well-known fairy tales) by elements with strong representation in long-term memory (i.e., the original stories), thereby, habits or over-learned information become mistaken for specific unique personal episodes in AD.
Confabulations in AD, as observed in the abovementioned studies, were produced when participants were explicitly asked to retrieve earlyprocessed stories, 8, 17, 18 or early personal experience. [11] [12] [13] [14] [15] [16] Thus, confabulations were directly provoked by the experimental instructions, leaving little room for the evocation of spontaneous confabulations. Generally speaking, relative to provoked confabulations, little research has been conducted on spontaneous confabulations, probably due to the difficulty in assessing these manifestations without provoking them. This issue has been addressed by a study in patients with Korsakoff's syndrome. 19 In this study, provoked confabulations were evaluated with the Confabulatory Interview used by Dalla Barba, 9 whereas spontaneous confabulations were assessed on a five-point scale (1 = never, 5 = always) by caregivers who were provided with a comprehensive definition of these manifestations. Results of Kessels et al. 19 showed no significant correlation between spontaneous and provoked confabulations, in agreement with the notion that both types of confabulation are dissociated. 20 Considering the paucity of studies in this area, our study aimed at providing empirical evidence on spontaneous confabulations in AD. Another aim was to assess the underpinnings of these manifestations. Two main accounts can be proposed to explain spontaneous confabulations in AD. First, AD patients may exhibit different types of confabulations at different stages of the disease; provoked confabulations may be more frequent in the mild stages of AD whereas spontaneous confabulations may be observed more often in the advanced stages of the disease. This assumption can be supported by studies showing a relation between provoked confabulations and general cognitive functioning in AD patients. 14, 16 Besides general cognitive decline, confabulations can be linked with executive dysfunction since impairment in frontal/executive functions would result in impairments in cognitive functioning and thus, by consequence, in confabulations. This assumption can be supported by a substantial body of experimental and clinical research showing relations between executive dysfunction and decline in episodic memory and in the ability to remember the context in which information was previously acquired (i.e., source memory; 21, 22 for a review on the relation between executive dysfunction and source memory decline see El Haj and Allain 23 ). However, studies tend to report no significant correlations between confabulations and executive dysfunction in AD. 10, 11, 17 As the latter studies were mainly concerned with provoked confabulations, it would be interesting to examine whether this lack of executive involvement would also be observed for spontaneous confabulations.
To summarize, unlike provoked confabulations, there is a paucity of research on spontaneous confabulations in AD. The present study examined this issue by assessing both types of confabulation in the disease. We also assessed whether both types of confabulation would be related to general cognitive decline and/or to executive dysfunction. To this aim, patients with mild to moderate AD were recruited. Those with advanced AD were not included as severe cognitive compromise (especially aphasia) may compromise expression and assessment of confabulations. In line with most research in this area, provoked confabulations were assessed with the Confabulatory Interview (Dalla Barba 9 ) whereas spontaneous confabulations were assessed with the procedure used in Kessels et al.
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METHODS
Participants
We tested 24 participants with a clinical diagnosis of probable AD at the mild to moderate stage, and 26 control participants. AD participants were living in retirement homes and were diagnosed with probable AD dementia of the amnestic form by an experienced neurologist or geriatrician based on the National Institute on Aging-Alzheimer's Association clinical criteria. 24 The Mini-Mental State Examination (MMSE) scores ranged from 16 to 24 points (out of 30), suggesting mild to moderate forms of AD. 25 The control participants were independent and living in their own homes. As shown in Table 1 , [25] [26] [27] these participants were matched with the AD patients according to age, sex, and educational level. Exclusion criteria for both AD patients and control participants were significant psychiatric or neurological illness, alcohol or drug use, or aphasia. None of the participants presented any major visual or auditory acuity difficulties that would have prevented completion of study tasks.
Ethics
Participants provided written consent to participate and were able to withdraw whenever they wished. The research project was approved by the ethics 
General cognitive functioning
The MMSE is considered to be a reliable and valid test for the assessment of general cognitive decline in dementia. This task consists of questions investigating different cognitive areas, such as orientation in time and space, language, calculation, attention, memory, and praxis. The MMSE yields a total score of 30 points.
Episodic memory
Episodic memory was assessed using the Grober and Buschke 26 task. Participants had to retain 16 words, and after immediate cued recall, they proceeded to a 20-s distraction phase during which they had to count numbers aloud. The distraction phase was followed by 2 min of free recall and the recall score (out of a maximum of 16) was retained as the episodic score.
Executive function
Executive function was assessed with tasks tapping shifting, updating, and inhibition. These functions were chosen in accordance with the executive model of Miyake et al. 28 Shifting was assessed with the Plus-Minus task. This task included three lists, each containing 20 numbers. On List 1, participants had to add one to each number, whereas on List 2 they had to subtract one from each number, and, on List 3, they had to add and subtract one alternately. The score was the difference between the time participants needed to complete List 3 and the average time that participants needed to complete Lists 1 and 2. As for updating, the two-back task was used. Thirty letters were sequentially presented and participants were asked to decide whether or not each letter was the same as the letter presented two items before. The updating score was the number of erroneous responses and the maximum score was 30 points. The Stroop task was used to assess inhibition. This task involved three subtests, each displaying 100 stimuli. In the Word-reading subtest, participants were asked to read 100 words of colors printed in black ink. In the Naming subtest, participants were asked to name the color of 100 colored squares. In the Interference subtest, they were asked to name the color of color-words printed in incongruously colored ink (e.g., the word 'red' written in green). The inhibition score referred to the completion time for the interference condition minus the average completion time for word reading and color naming.
Depression
The self-report Hospital Anxiety and Depression Scale (HADS) 27 was used to assess depression. This scale consisted of seven items scored on a 4-point Likert scale from zero (not present) to three (considerable). The maximum score was 21 points.
Provoked confabulations
In accordance with the Confabulation Interview, 29 participants were assessed using 10 questions on personal semantic memory, 10 questions on episodic memory, 10 general semantic memory questions (e., g, 'What is the capital of Spain?') and 10 distractor questions. Questions on personal semantic memory probed general personal facts, such as name, date, and place of birth. Questions on episodic memory probed previously experienced autobiographical events. Distractors were questions that were logically coherent but had no reference to reality (e.g., 'Who is the Italian king? [Note that Italy is a republic, not a monarchy]'), so that the appropriate response to these questions would be 'I don't know' or 'There is no monarchy in Italy,' as the latter answer was provided by some control participants. To maximize their performance, subjects were reassured prior to the interview that no person is able to remember all aspects of her/his life, thus, they should only answer the questions if they were completely convinced that their answers were right. Otherwise they should answer 'I don't know.' Whenever participants provided wrong answers on the distractor questions, they were asked once again whether they were absolutely certain about their response. If they were uncertain, they were encouraged to retract their response. Answers were scored as 'correct,' 'wrong,' or 'confabulation,' with reference to information collected from relatives (for AD and control participants) and caregivers (for AD participants). Minor distortions between responses provided by participants and those provided by informants were considered errors, whereas major discrepancies were considered confabulations. All confabulations were summed up to constitute a total confabulation 
Spontaneous confabulations
Spontaneous confabulations are difficult to assess in an interview because an interviewer can never be sure whether she/he did not provoke a confabulation in some way. Thus, we assessed these manifestations based on observations by physicians and the nursing staff in the retirement homes where the AD participants were recruited. Following procedures based on previous studies on spontaneous confabulations of patients with Korsakoff's syndrome or severe amnesia, 5, 19 the nursing and medical staff were provided with the following definition of spontaneous confabulation behavior, a definition implemented by Kessels et al.
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: 'Confabulations are the result of erroneous memories. These can be memories of events that never occurred or traces of real experiences that are incorrect with respect to time or place. These incorrect memories do not have the intention to mislead. Spontaneous confabulations occur without an external trigger and occur merely on the basis of spontaneity, that is, the patient acts according to the content of the memory. The question is for you to indicate to which degree this patient confabulates based on his/her current behavior.' Afterward, the nursing and medical staff rated the spontaneous confabulation behavior of each patient based on his or her current behavior using a 5-point Likert scale: 1 (never); 2 (seldom); 3 (sometimes); 4 (often); 5 (always). Control participants were not assessed using the scale as they were not institutionalized; another reason was their normal performance on the cognitive and clinical assessment, minimalizing any psychiatric manifestation in these participants (e.g., spontaneous confabulations).
RESULTS
We first assessed differences between AD participants and controls for provoked confabulations. We then analyzed AD participants' performances on the spontaneous confabulations scale; when reporting significant values, effect size was provided according to Cohen's d criterion 30 (0.20 = small, 0.50 = medium, 0.80 = large). Finally, we investigated correlations between both types of confabulations, general cognitive performance, and executive functions.
For all tests, level of significance was set as P ≤ 0.05, P-values between 0.051 and 0.99 were considered as trends, if any.
Occasional spontaneous confabulations in AD
Differences between AD participants and controls for provoked confabulations were analyzed with Mann-Whitney U-tests as non-parametric distribution of data was observed with the Shapiro-Wilk test. As depicted in Table 2 , more provoked confabulations were observed in AD participants than in controls (U = −4.99, P < 0.001, Cohen's d = 2.09). In order to threshold whether all AD participants were impaired on assessment of provoked confabulations, performances were converted to Z-scores using the control data mean and SD. Then performances were considered to be affected if Z-scores were below −2 SD from the mean. Performances of only three AD participants were below this cut-off. In other words, even though more provoked confabulations were observed in AD participants than in controls, only three AD participants showed substantial provoked confabulations.
As for spontaneous confabulations, the Wilcoxon Signed Rank test was used due to the scale nature of the data. Rating of spontaneous confabulations, as provided by the nursing and medical staff, was significantly higher than the value of responses 'never' (M = 1.00, SD = 0.00) (Z = −1.98, P < 0.05, Cohen's d = 0.42), but no significant differences were observed when compared with value of responses 'seldom' (M = 5.00, SD = 0.00) (Z = −1.22, P > 0.1). Only eight participants' spontaneous confabulations were Relation between spontaneous confabulations and general cognitive functioning in AD
In AD participants, correlations were computed to analyze relations between provoked confabulations, spontaneous confabulations, general cognitive functioning, shifting, updating, and inhibition. Partial correlations were conducted to control for the effects of age and educational level. Given the number of correlations, we applied a Bonferroni correction, considering only correlations reaching a threshold of P < 0.0083 as significant. This level was obtained by dividing the alpha level by the number of comparisons (0.05/6). As depicted in Table 3 , spontaneous confabulations were significantly negatively correlated with general cognitive functioning (i.e., the higher the score on the MMSE, the less often confabulations occur). No significant correlations were observed between confabulations and executive functions. No significant correlations were observed between provoked confabulations and general cognitive functioning or executive functions in control participants; this is not surprising in light of the lack of confabulations and the normal cognitive functioning in these participants. Because previous research has shown an association between spontaneous confabulation and spatiotemporal orientation, 31 we carried out an additional correlation analysis between confabulations and spatiotemporal orientation as assessed by the first 10 items of the MMSE. Analyses showed significant correlation between spontaneous confabulations and spatiotemporal orientation (r = −0.60, P < 0.001), as well as significant correlation between provoked confabulations and spatiotemporal orientation (r = −0.48, P < 0.05).
DISCUSSION
In light of a paucity of empirical research in this area, the present paper investigated spontaneous confabulations in AD. Our results revealed the occasional appearance of spontaneous confabulations in AD participants, an appearance that was significantly correlated with their general cognitive functioning. Confabulations in AD have been assessed by a large body of research, suggesting more provoked confabulations in AD participants than in controls; findings that were observed when AD participants were explicitly required to retrieve early-processed stories, 8, 17, 18 or early personal experience. [11] [12] [13] [14] [15] [16] Our findings reflected these outcomes as more provoked confabulations were observed in our AD participants than in controls on the Confabulation Interview. Noteworthy, however, is that only three AD participants performed 2 SD below controls, suggesting little substantial provoked confabulations in the disease.
The absence of substantial provoked confabulations in our AD participants was even more pronounced for spontaneous confabulations. The rating of the latter manifestations, as provided by nursing and medical staff, was proximate to the value of 'seldom'; in other words, only occasional spontaneous confabulations were observed in our AD participants. Interestingly, spontaneous confabulations were negatively correlated with the MMSE score in AD participants, suggesting a relation between general cognitive decline and the occurrence of spontaneous confabulations in the disease. General cognitive decline also showed significant correlations with the occurrence of provoked confabulations, mirroring findings of previous research. 14, 16 Although this relation, as observed in our study, was at P < 0.05, the Bonferroni correction did not reveal a significance at P < 0.0083. The same constraint also applies to the correlation between inhibition and both types of confabulation as the P-value was set at <0.05. The latter assumption is of interest as, unlike shifting and updating, inhibition may play some role in confabulations in AD. Although previous research has suggested no relation between confabulations and executive function in AD, 10, 11, 17 other research has demonstrated a relation between inhibitory decline and the ability to remember the context in which information was previously acquired. 32, 33 Another finding of our study was the non-significant correlation between provoked and spontaneous confabulations, in agreement with the notion that both types of confabulations are dissociated. 19, 20 Although our findings highlight a relation between confabulations and general cognitive decline, it is worth noting that different accounts have been put forward to explain confabulations in AD. According to the Temporal Consciousness Model, 29 confabulators have a disturbed sense of chronology, so that they can retrieve the content of events but not their order of occurrence. As a result, they misattribute features of events that occurred at one time to other events that occurred at another time. This account mirrors the Temporal Context Confusion hypothesis, 4 according to which confabulators use information that may have been relevant in a previous experience but where this information is interjected in a current experience when it is no longer relevant or appropriate. Both the Temporal Consciousness Model and the Temporal Context Confusion hypothesis were supported by our data. Significant correlations were observed between confabulations and spatiotemporal orientation. Our data also fit nicely with research demonstrating relation between spontaneous confabulations and disorientation in amnesic patients. 31 Another account for confabulations is the source-monitoring hypothesis, attributing confabulations to the inability to determine the context during memory acquisition. 34 However, Dalla Barba et al. 10 found no significant correlations between confabulations and source monitoring in AD. Since the latter study has mainly addressed provoked confabulations, it would be of interest to examine potential relations between source memory and spontaneous confabulations in AD.
Spontaneous confabulations are mainly observed in patients with lesions in the basal forebrain and posterior orbitofrontal cortex, but also in those with lesions in the hypothalamus and the dorsomedial thalamic nucleus, which may be the case for patients with Korsakoff's syndrome (for a review, see Schnider 7 ). Confabulations were also observed in patients with lesions in the amygdala, the perirhinal cortex, or the anteromedial hypothalamus -structures that are directly connected with the posteromedial orbitofrontal cortex. 7 According to Schnider, 7 unlike spontaneous confabulations, provoked confabulations seem to have no specific anatomical basis.
Our procedures assessed provoked and spontaneous confabulations for past experiences, omitting the assessment of confabulations in future thinking. The latter assessment can be implemented in the Confabulation Interview, which includes questions about future plans (e.g., 'What are you going to do tomorrow?'). However, and as illustrated by the latter example, such assessment may only trigger provoked confabulations. Future research can address this shortcoming by analyzing the content of spontaneous confabulations (i.e., whether the content of discourse depicts past memories or future plans); the latter assessment is of interest in light of research showing compromise of future thinking in AD. [35] [36] [37] Future studies should also consider the validity of our spontaneous confabulations assessment, as our questionnaire is not yet validated in mild to moderate AD. Future research should also replicate our study with a larger sample.
To summarize, this study provides empirical evidence to the assumption that only occasional spontaneous confabulations can be observed in AD, at least in the mild to moderate stages of the disease. This outcome is of interest as it may contribute to the cognitive and psychiatric nosography of AD.
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